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My Interaction with Andy Sessler

• Bunched Beam Microwave Instability
1979

• High-Gain FELs, Optical Guiding, SASE
~1985

• “Free Electron Lasers:  Present
Status and Future Prospects”
1990

• Photon Storage Cavities
1991

• g-g Colliders
1995

• Equation of Motion of Electron
1999

• Major collaboration about every five years,
looking forward to 2005, 2010, 2015,…





My Advice to Young
Scientists about Andy

• He is open, entertaining, and encouraging.

• He knows much more, despite his beard and
despite his low-resolution handwriting.

• He may slap you hard if you talk a nonsense.

• However his goal is not your pain but fairness.

• You will become a better person, in physics and
in living by knowing him.
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Status of X-ray FELs in 2015
• LCLS and TESLA FEL, and perhaps others, have been

constructed and have been in operation for several
years.

• Basic SASE operation for e1 up to 12.4 keV with time
resolution Dt ª100 fs and Dw/w ª 10-3.

• Experimental techniques for x-ray 100-fs sciences have
been developed.

• Seeding schemes for Dw/w  £ 10-6 and pulse
compression or selection schemes for
Dt £ 10 fs or  £ 0.1 fs have been studied (successfully).

• With exciting scientific results achieved and with a
set of experimental questions identified, the world is
ready for a Greenfield FEL.



LCLS - The First Experiments 

Femtochemistry Dan Imre, BNL

Nanoscale Dynamics in Brian Stephenson,
Condensed Matter APS

Atomic Physics Phil Bucksbaum,
Univ. of Michigan

Plasma and Warm Dense Richard Lee, LLNL
Matter

Structural Studies on Single Janos Hajdu,
Particles and Biomolecules Uppsala Univ.

Report developed by
international team of ~45
scientists working with
accelerator and laser
physics communities
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Greenfield FEL Wish List
•  Spectral coverage to 30 keV in first harmonic

– Comparable to large 3rd generation facilities
– One could argue for 60 keV

•  X-ray pulse   1012 photons, may be 1014

•  Pulse duration – 100 femtosec to 100 attosec
•  Narrow spectrum Dw/w < 10-6, coherence control
•  Multiple undulator facility

– At least 10 FEL undulators, several beamlines
per undulator

•  1-10 kHz rate at undulator



A Greenfield FEL Facility Layout

• SCRF, CW 10 kHz
• 30-keV fundamental
• Advanced features for Dw/w & Dt
• ~ 1-2 B$

15-30 GeV, 1.5-3 kM



An Assortment of GFEL Schemes

• Basic SASE FEL for 30 keV

• Advanced features via phase-space
manipulation
– Self-seeding

– Ultrashort pulse

• HGHG scheme

• Tapering for higher power, 100 times



SASE FEL  for 30 keV

• LCLS reference parameters:
l = 8 keV, lu = 3 cm, K = 3.7, Ip = 3.5 kA, Ee = 15 GeV,

DE/E = 0.01%, en = 1.2 mm-mrad,   Lsat = 100 m

• Vary K, en, and Ee

• It pays to strive for an ultralow emittance e-beam
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Self-Seeding Scheme (DESY)

• Spectral purity Dw/w £ 10-6

• Concentration of photons in single mode _
Higher spectral brightness _ 103

• Need to develop x-ray optics and e-beam
transport

• Can add a tapering section for higher power

Dw/w

> Spontaneous Deep saturation



Dw/w

Dw/w=r

Compression

Chirping

Dw/w
(Seeding)

T ~ 100 fs Phase coherent
area (l)

Compressed pulse > l/rc ~ 0.1 fs

Phase-Space Manipulation of X-ray Beams

t



Coherence Control



R&D Leading Up to the GFEL

•• Key R&D IssuesKey R&D Issues
– Ultralow emittance e-injector; also “CW” e-injector

– Electron and photon bunch compression; wakes

– Ultrashort electron and photon beam diagnostics

– X-ray optics and detectors

– Seeded FEL schemes for longitudinal coherence

– Superconducting undulators

• Advances in several of these issues are expected with  progress of
the existing X-ray FEL projects, howeverhowever——

• Focused R&D programs are essential for the GFEL,
e.g., developing an ultralow e e-injector; such R&D
can also enhance the LCLS and TESLA XFEL



Anticipation of E-beam
Techniques

• We do not know at this time (2003) how to achieve
necessary peak current with:

en = 0.1 mm-mrad or 10% chirping
• However, these capabilities do not violate

fundamental laws of physics (far from quantum
limits).

• The advances will have great impact to light source
development as well as HEP machines.

• Some possibilities:
– PC-RF hybrid for 1 GV/m
– Manipulation of DC beams (tip cathodes, …)
– Laser plasma…



High Brightness Electron InjectorsHigh Brightness Electron Injectors
500 kV Spring-8 DC Injector

How to create the Greenfield FEL injector?

••   Optimize 6-D phase space, not just Optimize 6-D phase space, not just eenn or I or Ipp

••   To realize this the GFEL injector shouldTo realize this the GFEL injector should
achieve:achieve:

G > 500 MV/m ,         E  > 50 MeV

in order to beat space charge!

Type DC Gun RF Gun Greenfield

E [MeV] 0.5 5 5050
G[MV/m] 10 100 500500
t [ps] 500 10 <1
Ip [A] 10 100 500
Q [nC] 0.5 1 <0.5
en [mm] 1 1 0.1

BNL RF Photoinjector



Linear Space-Charge Induced Emittance
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A Speculative Greenfield Injector

rf
acceleration

compressorDC acceleration & chirps

(induction accelerator)

chopper 1 nc

100 ns

10 kHz

Microtip

en = 0.1 mm-mrad
I = 10 mA
Ee = 100 keV
De/e = 10-5 en = 0.1 mm-mrad

Ip = 10 kA
Ee = 10 GeV
De/e = 10-4

Dt = 100 fs

106



BES R&D Funding for a GFEL

• A GFEL is a 1-2 gigabuck project
– With its many technical challenges, the GFEL demands

R&D funds to insure success
– A few R&D issues require an x-ray FEL for development,

while most are “standalone” issues, e.g., ultralow emittance
e-injector, SC undulators, seeding schemes, compression,
…

– This research may be pursued as university-based, national
lab-based, or university-national lab collaborations

– DOE labs compete for funding on “standalone” issues

• Suggestion: 10M$/year for nexy ten years for
R&D


